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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a stable gene formulation useful for a gene therapy. Particularly, the inven- 
tion relates to a formulation which comprises a gene or a vector incorporated with a gene wherein the gene or the vector 
shows an improved stability during preparation and preservation. 

BACKGROUND OF THE INVENTION 

10 

[0002] Gene therapy has been experimentally tried to clinically treat or prevent diseases, in particular genetic dis- 
eases. Gene therapy at the beginning has been studied using viruses as vectors, because the virus vectors were able 
to be introduced into cells with higher efficiency. After it was found that a plasmid DNA (pDNA) having an autonomously 
replicating ability could express gene information on the direct administration into muscle of animals, gene therapy 
15 using the plasmid DNAs has been investigated exclusively in light of the fact that pDNA possesses the higher safety, 
and may be more readily produced on a manufacturing scale than those of the virus vector. 

[0003] Primary interests today in basic research for gene therapy using pDNAs are directed to an improvement in 
an introduction efficiency into cells, and an extension of a period of time during expression of gene information. For the 
purpose of the improvement in the introduction efficiency of pDNAs into cells, the method for encapsulating pDNA into 

20 a cationic liposome, and the method for preparing a complex with a polymer have been reported. For the purpose of the 
extension of the period during expression of gene information, the sustained-release formulation comprising collagen 
(Japanese Patent Publication (kokai) No. 71542/1997) or polyethylene vinyl acetate (Journal of Controlled release 4Z, 
123(1997)) as a carrier, each of which is highly biocompatible, has been reported. In practice, however, even if a gene 
formulation can serve these purposes, it would not make gene therapy widely prevalent unless the gene formulation can 

25 be produced commercially with a stability and an ability to maintain defined high qualities. 

[0004] Biological activities of genes, active agents, in the gene formulations should be maintained securely during 
the preparation and the preservation of the formulations. It has been known that intra-muscular injection of closed cir- 
cular pDNA which had been digested with a restriction enzyme results in an decreased gene information to the extent 
of about 10% of that provided by an inert closed circular pDNA. Consequently, in order to maintain the biological activ- 

30 ities of genes it is important that a primary structure of pDNA should be retained all through the preparation and the 
preservation of the formulations, during which any unfavorable condition is expected. 

[0005] Although some reports have discussed a stability of pDNA during the preservation in connection with the 
basic research of gene therapy as mentioned above [Proceedings of National Academy of Sciences of the USA, 93, 
7305 (1996)], any systematical investigation about the preparation and the stability of gene formulations scarcely has 
35 been conducted yet. As shown in the test examples hereinafter, when the gene preparations comprising pDNA only, or 
comprising pDNA together with compounds useful for improving the introduction efficiency of pDN A or for extending the 
period of time during gene expression are exposed to lyophilization conditions usually employed in the formulation 
steps, or preservation conditions in which the qualities of the formulations would be securely maintained, an active 
agent (pDNA) is subject to degradation, and its biological activity is markedly impaired. 

40 

DISCLOSURE OF THE INVENTION 

[0006] We had continued to perform the investigation aiming to provide a stable gene formulation, and found that 
addition of a saccharide and/or a non-hydrophobic amino acid and/or an organic acid having two or more carboxyl 
45 groups except amino acids to a solution of pDNA, or addition of an amino acid to a solution of pDNA which contains a 
collagen or a gelatin, drastically inhibit the pDNA degradation during the preservation of the solution, and/or through 
steps for lyophilizing the solution, and/or during the preservation of a lyophilized product from the solution. On the basis 
of the findings, we have accomplished the present inventions. 

[0007] In one aspect, the present invention provides a stable gene formulation which comprises a desired gene or 
so a vector incorporated with a desired gene as well as at least one saccharide and/or at least one non-hydrophobic amino 
acid and/or at least one organic acid having two or more carboxyl groups except amino acids. 

[0008] The saccharide specifically includes a monosaccharide, a disaccharide, an oligosaccharide of a trisaccha- 
ride or higher, and a sugar alcohol thereof, and, more specifically, includes glucose, galactose, fructose, sucrose, mal- 
tose, lactose, trehalose, sorbitol, and mannitol. 
55 [0009] The non-hydrophobic amino acid specifically includes glutamic acid, aspartic acid, and a salt thereof. 

[0010] The organic acid having two or more carboxyl groups specifically includes an organic acid having two or 
three carboxyl groups, and a salt thereof, and more specifically includes citric acid and tartaric acid. 
[0011] The vector incorporated with a desired gene includes a plasmid DNA. 
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[0012] The gene formulations according to the present invention may also contain a substance accelerating an 
introduction of the gene into a cell, or a pharmaceutically acceptable additive. The substance accelerating the introduc- 
tion of the gene into a cell includes a cationic lipid, a cationic polymer, and a hydrophobic polymer. The pharmaceuti- 
cally acceptable additive includes a biocompatible material. 

5 [0013] The desired gene or the vector incorporated with the desired gene in the gene formulations of the invention 
may be borne on a biocompatible material. The biocompatible material includes a collagen, a gelatin, and a mixture 
thereof. 

[0014] The present invention includes a gene formulation obtainable by drying, preferably lyophilizing, a prepara- 
tion in a solution, a gel, or a suspension form which comprises a desired gene or a vector incorporated with a desired 
w gene. 

[001 5] Further, the invention includes a gene formulation, which form is a solution, a gel, or a suspension, or a gene 
formulation which is prepared through a preparation in a solution, gel, or suspension form, wherein the amount of a sac- 
charide, a non-hydrophobic amino acid, and an organic acid having two or more carboxyl groups except amino acids to 
the total amount of the solution, the gel or the suspension is about 1 w/v% or more. 
15 [0016] In a further aspect, the present invention provides a process for stabilizing a gene formulation derived from 
a gene preparation comprising a desired gene or a vector incorporated with a desired gene, which comprises a step of 
adding at least one saccharide and/or at least one non-hydrophobic amino acid and/or at least one organic acid having 
two or more carboxyl groups except amino acids to the gene preparation. 

[0017] In a still further aspect, the present invention provides a method for gene therapy, which comprises a step of 

20 administering the gene formulation of the present invention to a living body.. 

[0018] In a still further aspect, the present invention provides a stable gene formulation which comprises a desired 
gene or a vector incorporated with a desired gene, at least one amino acid, and a biocompatible material, particularly 
a collagen, or a gelatin. The gene formulation may also contain a substance accelerating the introduction of the gene 
into a cell, such as a cationic lipid, a cationic polymer, and a hydrophobic polymer. The present invention includes a 

25 gene formulation which comprises a desired gene or a vector incorporated with a desired gene borne on a biocompat- 
ible material, particularly a collagen, or a gelatin. 

[0019] In this embodiment, the invention also includes a gene formulation obtainable by drying, particularly lyophi- 
lizing, a preparation in a solution, a gel, or a suspension form comprising a desired gene or a vector incorporated with 
a desired gene. 

30 [0020] Further, the invention includes a gene formulation, which form is a solution, a gel, or a suspension, or a gene 
formulation which is prepared through a preparation in a solution, gel, or suspension form, wherein the amount of an 
amino acid to the total amount of the solution, the gel or the suspension is about 1 w/v% or more. 
[0021] In a further aspect, the present invention provides a process for stabilizing a gene formulation derived from 
a gene preparation comprising a desired gene or a vector incorporated with a desired gene, and a biocompatible mate- 

35 rial, particularly a collagen, or a gelatin, which comprises a step of adding at least one amino acid to the gene prepara- 
tion. 

[0022] In a still further aspect, the present invention provides a method for gene therapy, which comprises a step of 
administering the gene formulation of the invention as described above to a living body. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

Figure 1 is a photograph which shows the evaluation of the electrophoresed pCAHST-1 comprised in the gene for- 
45 mulations containing the amino acids, in the primary structure (Example 1). 

Figure 2 is a photograph which shows the evaluation of the electrophoresed pCAHST-1 comprised in the gene for- 
mulations containing the saccharide, in the primary structure (Example 2). 

Figure 3 is a photograph which shows the evaluation of the electrophoresed pCAHST-1 in the primary structure, 
which is comprised in the gene formulations containing the organic acid having two carboxyl groups, and the amino 
so acid (Example 3). 

Figure 4 is a photograph which shows the evaluation of the electrophoresed pCAHST-1 in the primary structure, 
which is comprised in the gene formulations containing the saccharide, and substance accelerating gene introduc- 
tion (Example 4). 

Figure 5 is a photograph which shows the evaluation of the electrophoresed pCAHST-1 in the primary structure 
55 comprised in the gene formulations containing the saccharide (Example 2), which formulations have been pre- 

served at 40 °C. 

Figure 6 is a photograph which shows the evaluation of the electrophoresed pCAHST-1 in the primary structure 
comprised in the gene formulations containing the saccharide and the substance accelerating gene introduction 
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(Example 4), which formulations have been preserved for four weeks at 37 °C. 

Figure 7 is a photograph which shows the evaluation of the electrophoresed pCAHST-1 in the primary structure 
comprised in the gene formulations in a solution form containing the saccharide and the substance accelerating 
gene introduction (Example 5), which formulations have been preserved for four weeks at 40 °C. 

5 Figure 8 is a photograph which shows the evaluation of the electrophoresed pCAHST-1 in the primary structure, 

which is comprised in the gene formulations in a sponge form containing collagen (Example 7). 
Figure 9 is a photograph which shows the evaluation of the electrophoresed pCAHST-1 in the primary structure, 
which is comprised in the gene formulations in a rod form containing collagen (Example 8). 
Figure 10 is a graph which shows the periods of time during which the pCAHST-1 in the gene formulations in the 

10 rod form (Example 8) can be detected in blood. 

Figure 11 is a graph which shows the change of concentrations of HST-1 released from the gene formulations in 
the rod form (Example 8) in blood with the time course. 

Figure 1 2 is the results of Text example 1 0, and is a graph which shows the change of amount of HST-1 at the injec- 
tion site with the time course. 

15 Figure 13 is the results of Text example 10, and is a graph which shows the change of counts of blood platelet in 

blood with the time course. 

Figure 14 is a graph which shows the stability of pCAHST-1 at the time of lyophilization, which is comprised in the 
gene formulations containing the amino acid (Example 9) (Test example 11). 

Figure 15 is a graph which shows the stability of pCAHST-1 at the time of lyophilization, which is comprised in the 

20 gene formulations containing the saccharide (Example 10) (Test example 12). 

Figure 16 is a graph which shows the stability of pCAHST-1 at the time of lyophilization, which is comprised in the 
gene formulations containing atelocollagen, and the amino acid (Example 1 1 ) (Test example 1 3). 
Figure 17 is a graph which shows the stability of pCAHST-1 at the time of lyophilization, which is comprised in the 
gene formulations containing atelocollagen, and the saccharides (Example 12) (Test example 14). 

25 Figure 18 is a graph which shows the stability of pCAHST-1 comprised in the gene formulations containing the 

amino acid (Example 10), which formulations have been preserved at 40 °C (Test example 15). 
Figure 19 is a graph which shows the stability of pCAHST-1 comprised in the gene formulations containing atelo- 
collagen, and the amino acid (Example 11), which formulations have been preserved at 40 °C (Test example 16). 

30 DETAILED DESCRIPTION OF THE INVENTION 

[0024] As described above, the present invention relates to a stable gene formulation which comprises a desired 
gene or a vector incorporated with a desired gene as well as at least one saccharide and/or at least one non-hydropho- 
bic amino acid and/or at least one organic acid having two or more carboxyl groups; and to a stable gene formulation 
35 which comprises a desired gene or a vector incorporated with a gene, a collagen or a gelatin, and at least one amino 
acid. In another aspect, the present invention relates to a formulation which comprises the saccharide, the non-hydro- 
phobic amino acid, and/or the organic acid, or which comprises the collagen or the gelatin, and the amino acid, together 
with the gene or the vector, wherein the gene or the vector demonstrates an increased stability, or an inhibited degra- 
dation. 

40 [0025] The "desired gene" is any gene capable to be used in a gene therapy. The gene therapy means a therapy 
performed employing a gene. For example, the desired gene includes a gene encoding a gene information of a protein 
necessary to be expressed in the gene therapy, and an antisense sequence which inhibits the gene expression by 
base-pairing with a defined DNA or RNA within a cell. The antisense sequence may be employed without being incor- 
porated into a vector. 

45 [0026] The "vector incorporated with a desired gene" is preferably constructed to express an encoded gene infor- 
mation in a cell on introduction into the cell, and includes a vector comprising an element necessary to express the 
intended gene, such as a promoter, or an element capable to be integrated into a chromosome, which vector is exem- 
plified by a pDNA. 

[0027] The gene formulation may contain several kinds of vectors which are incorporated with different desired 
so genes. Further, an individual vector may encode lots of gene information. The amount of the vector contained m the 
gene formulation is not limited. 

[0028] The gene encoding a protein necessary to be expressed in gene therapy includes any gene capable to be 
used in the treatment of a genetic disease, which is exemplified by, but is not limited to, a gene encoding an enzyme 
such as adenosine deaminase, thymidine kinase; a cytokine such as GM-CSF, IL-2; or fibroblast growth factor HST-1 
55 (FGF4). The gene encoding other protein necessary to be expressed in the gene therapy includes, but is not limited to, 
a gene aimed at the treatment or the prevention for an infection or a tumor, which encodes a protein or a peptide serving 
as an antigen to induce immune response, i.e., the gene encoding the protein or the peptide capable of serving as an 
antigen such as mentioned above, for example, a gene encoding the surface protein an HA or an NA, or the nuclear 
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protein NP of influenza virus, type C hepatitis virus E2 or NS 1 protein, type B hepatitis virus HBs antigen protein, type 
A hepatitis virus capsid protein VP1 or VP3, capsidoid protein, dengue virus Egp protein, RS virus F or G protein, G or 
N protein of the rabies virus structural protein, herpesvirus gD protein, Japanese encephalitis virus E1 orpre-M protein, 
rotavirus coat protein VP7 or coat protein VP4, human immunodeficiency virus gp120 or gp160 protein, Leishmania 
5 major surface antigen protein, malaria circum sporozoite major surface antigen protein, Toxoplasma 54-kd or CS pro- 
tein, cell surface protein PAc of caries-causing Streptococcus mutans; tumor regression antigens such as MAGE-1, 
MAGE-3, and BAGE, tissue-specific antigens such as tyrosinase, Mart-1, gp100 and gp75, p15, Mud, CEA, HPV, E6, 
E7, HPR2/neu,etc.; and the gene of the nucleic acids which are described in "Immunization with DNA"; Journal of 
Immunological Methods, vol. 176, 1994, pages 145-152. 

w [0029] The "saccharide" includes a pharmaceutically acceptable monosaccharide, disaccharide, oligosaccharide 
of trisaccharide and higher, a sugar alcohol thereof, and a derivative thereof. The saccharide is not limited to any par- 
ticular species as long as the addition to the gene formulation improves the stability of the formulation. The gene formu- 
lation of the invention may contain a mixture of two or more saccharides. 

[0030] The saccharide is exemplified by a monosaccharide such as glucose, galactose, and fructose, and prefera- 
15 bly glucose. The preferred disaccharide is exemplified by sucrose, maltose, lactose, and trehalose. 
[0031] The sugar alcohol is exemplified by sorbitol, and mannitol, and preferably, mannitol. 

[0032] The saccharide derivative includes a deoxy sugar, an amino sugar, a phosphate ester, and a disaccharide 
formed with thereof. 

[0033] The non-hydrophobic amino acid means an amino acid having non-hydrophobic property among the amino 

20 acids. "Non-hydrophobic" means a property showing the higher compatibility with water, and is herein referred to as a 
property showing the higher compatibility with water than that of glycine. Indexing of the water-compatibility is 
described, for example, in Kyte, J.& Doolittele, R.F., 1982, J. Mol. Biol. 157, 105-132. According to the baseline 
described therein, hydrophobic amino acid includes glycine, alanine, methionine, phenylalanine, valine, leucine, and 
isoleucine. "Non-hydrophobic amino acid" includes preferably glutamine, asparagine, sodium glutamate, sodium aspar- 

25 tate, proline, and more preferably, glutamine, sodium glutamate, sodium aspartate. 

[0034] The "amino acid" in the gene formulation of the present invention containing a collagen or a gelatin includes 
a pharmaceutically acceptable amino acid, a salt thereof, and a derivative thereof. The "amino acid" is not limited to the 
amino acids, as long as the addition to the formulation improves the stability of the formulation. The "amino acid" spe- 
cifically includes not only an acidic amino acid such as glutamic acid and aspartic acid, but also lysine, arginine, and 

30 histidine, those which are classified as basic amino acids, and glycine, alanine, methionine, proline, cystine, serine, 
threonine, asparagine, glutamine, isoleucine, cysteine, tyrosine, tryptophan, and leucine, those which are other than 
acidic and basic amino acids. The "amino acid" in the present invention is irrespective of pH values in the solutions, and 
includes an amino acid having an additional basic or neutral side chain. The salt of the amino acid includes a sodium 
salt, a potassium salt, and the like. The preferred amino acid in the present formulation containing the collagen or the 

35 gelatin includes glutamine, asparagine, sodium glutamate, sodium aspartate, proline, arginine, histidine, lysine, and the 
like. The more preferred amino acid includes sodium glutamate, sodium aspartate, arginine, histidine, and lysine, those 
which decrease electrostatic interaction between a collagen and a DNA, and a still more preferred amino acid may be 
arginine, and histidine. 

[0035] The "organic acid having two or more carboxyl groups" includes a pharmaceutically acceptable organic acid 
40 having two or more carboxyl groups (except an amino acid), a salt thereof, and a derivative thereof. The organic acid is 
not limited to any particular species as long as the addition to the formulation improves the stability of the formulation, 
provides that the organic acid excludes any amino acid. 

[0036] The organic acid having two or more carboxyl groups, and salt thereof preferably includes an organic acid 
having two or three carboxyl groups, and salt thereof, and more preferably includes the organic acid which is a saturated 
45 or an unsaturated aliphatic acid. The organic acid having two or more carboxyl groups arid salt thereof includes citric 
acid, tartaric acid, succinic acid, malic acid, fumaric acid, and a salt thereof, and preferably, citric acid, tartaric acid, and 
a salt thereof. 

[0037] The gene formulation of the present invention includes a formulation comprising any one of the saccharide, 
the non-hydrophobic amino acid, and the organic acid having two or more carboxyl groups, as mentioned above, and a 

so formulation comprising any combination of two of them, and all of them. In any case, the formulation of the invention 
may contain one or more saccharides, one or more amino acids, or one or more organic acids. 
[0038] Total amount of the saccharide, the non-hydrophobic amino acid, and the organic acid having two or more 
carboxyl groups in the formulation containing each one of them, or a combination thereof, or amount of amino acid in 
the formulation containing the collagen or the gelatin is preferable an amount sufficient to inhibit the degradation of the 

55 gene or the vector comprised in the formulation of the present invention, but the amount can be optionally adjusted 
depending on the concentration or amount of the gene or vector, or practical form of the formulation. For example, the 
intended gene formulation may be obtained by lyophilizing a solution of pDNA at 10 jug/ml in 150mM NaCI, 10mM Tris- 
HCI (pH7.4), or, in case that the lyophilized formulation is preserved, it is preferable to add 1% (w/v) or more of a sac- 
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charide and/or a non-hydrophobic amino acid and/or an organic acid having two or more carboxyl groups to the solu- 
tion. A range of pH of the formulation in a solution form before lyophilization or for practical use is pH5-pH8, preferably 
pH6-pH8, and more preferably pH7-pH8. 

[0039] The gene formulation of the present invention may comprise a pharmaceutically acceptable additive or a 
5 substance capable to improve the gene expression. Consequently, the amounts of the saccharide, the amino acid and 
the organic acid also may depend on the amount and the kinds of the additives. 

[0040] The pharmaceutically acceptable additive includes, but is not limited to, a biocompatible material, or an oil 
such as sesame oil, and squalene. 

[0041] The desired gene or desired gene-carrying vector may be borne on the biocompatible material which is used 
10 as an additive, so as to provide a sustained-release formulation of the present invention. The biocompatible material as 
referred herein includes, but is not limited to, 1) a collagen, a gelatin, a fibrin, an albumin, a hyaluronic acid, a heparin, 
a chondroitin sulfate, a chitin, a chitosan, an alginic acid, a pectin, an agarose, a gum Arabic; 2) a polymer of glycolic 
acid, lactic acid or an amino acid, and a copolymer of two or more of these; and 3) a hydroxyapatite, a poly(methyl meth- 
acrylate), a polydimethylsioxane, a poly-tetrafluoro ethylene, a polypropylene, and a polyethylene. A collagen, a gelatin, 
15 or a mixture thereof is preferable. 

[0042] The "be borne on" means that desired gene or desired gene-carrying vector is dispersed or taken in biocom- 
patible material. 

[0043] The "substance capable to improve gene expression" includes a substance accelerating introduction of the 
gene into a cell, or a substance accelerating introduction of the gene to nuclei. The former is exemplified by a cationic 

20 lipid, a cationic polymer, and a hydrophobic polymer. The cationic lipid includes DOTMA (N-[1 -(2,3-dioleyloxy)propyl]- 
N-trimethyl ammonium chloride), DOSPA (2,3-dioleiloxy-N-[2-(spermine carboxamide)ethyl]-N,N-dimethyl-1 -propane 
aminium trifluoroacetate), DDAB (dimethyldioctacrecyl ammonium bromide), TM-TPS (N, N 1 , N 11 , N m -tetramethyl-N, 
N l ,N",N l "-tetrapalmityl spermine), DMRIE (1 , 2 -d i my ristyloxy propyl -3 -dim ethyl hydroxy ethyl ammonium bromide), and N- 
(a-trimethylammonioacetyl)-didodecy-D-glutamate chloride (Biochemical Biophysical Research Communication, 1 96, 

25 1 042 (1 994)). Further, a cationic liposome comprising the cationic lipid as mentioned above and a neutral lipid such as 
DOPE (dioleoylphosphatidyl ethanolamine), and a mixture of the cationic lipid and cholesterol may be used. The "cati- 
onic polymer" is any polymer which electrostatically interacts with a gene, and includes a lipopolyamine such as DOGS 
(dioctadecylamidoglycyl spermine), a peptide such as AlkCWK 18 , a cationic polyamino acid or a derivative thereof such 
as a polylysine and a derivative thereof (Proceedings of Academy Sciences of the USA, 89, 6094(1992)), a polyethyl- 

30 enimine, and a polyamidamine dendrimer. The "hydrophobic polymer" is any polymer which hydrophobically interacts 
with a gene, and includes a polyvinyl alcohol, and a polyvinyl pyrrolidone. It also includes a peptide such as AlkCWK 18 . 
The cationic liposome includes, but is not limited to, LIPOFECTAMINE (trademark, Life Technologies, Inc., Rockville, 
MD, USA) wherein 1:1 of DOSPA and DOPE is included, a liposome including 1:1 of DOTMA and DOPE, LIPOFEC- 
TACE (trademark, Life Technologies, Inc., Rockville, MD, USA) wherein 1:2.5 of DDAB and DOPE, and CELLFECTIN 

35 (trademark, Life Technologies, Inc., Rockville, MD, USA) wherein 1 :1 .5 of TM-TPS and DOPE. The mixture of cationic 
lipid and cholesterol as referred herein includes DM RIE-C (Life Technologies, Inc., Rockville, MD, USA) wherein DMRIE 
and cholesterol are mixed together at a molar ratio of 1:1. Alternatively, in order to suppress digestion of a gene in endo- 
some within a cell, inactivated adenovirus capable to release the content of endosome, and CHEMS (cholesterol hemi- 
succinate morpholine salt) may be contained. 

40 [0044] The substances accelerating introduction of gene into nuclei includes HMG-1 ,2 mixture (high mobility group- 
1,2 mixture: Experimental Medicine, 12, 184(1994)). 

[0045] The form of the gene formulation of the present invention is not limited to any type of form, and may be a 
solution, a suspension, a gel, a sponge, a powder, a microparticle, a rod, a film. 

[0046] As an example of a process for the preparation of the gene formulation in solution form, the following proc- 
45 esses are exemplified; 

1) a process for preparing a gene formulation in the form of homogenous solution, which comprises a step of add- 
ing a saccharide, and/or a non-hydrophobic amino acid, and/or an organic acid having two or more carboxyl groups 
to a solution of a desired gene or a vector carrying a desired gene, which optionally contains an additive, and a step 

so of dissolving it (them) in the solution; or 

2) a process for preparing a gene formulation in the form of homogenous solution, which comprises a step of add- 
ing a solution of a saccharide, and/or a non-hydrophobic amino acid, and/or an organic acid having two or more 
carboxyl groups to a solution of a desired gene or a vector carrying a desired gene, which optionally contains an 
additive, and a step of mixing the solutions. 

55 

[0047] Alternatively, the process for the preparation also includes a process for preparing a gene formulation in the 
form of homogenous solution, which comprises a step of adding a solution of a desired gene or a vector carrying a 
desired gene, which optionally contains an additive, and an amino acid or a solution of an amino acid, to a solution of 
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a collagen or a gelatin, and a step of dissolving it in the solution or mixing the solutions. 

[0048] As an example of a process for the preparation of the gene formulation in the form of microparticle, the fol- 
lowing processes are exemplified; 

5 1 ) a process for preparing a gene formulation, which comprises a step of spray-drying a solution of a desired gene 

or a vector carrying a desired gene, a saccharide, and/or a non-hydrophobic amino acid, and/or an organic acid 
having two or more carboxyl groups, and optionally an additive; or 

2) a process for preparing a gene formulation, which comprises a step of lyophilizing a solution of a desired gene 
or a vector carrying a desired gene, a saccharide, and/or a non-hydrophobic amino acid, and/or an organic acid 
w having two or more carboxyl groups, and optionally an additive, and a step of pulverizing the resultant sponge. 

[0049] Alternatively, the process for the preparation also includes a process for preparing a gene formulation, which 
comprises a step of adding a solution of a desired gene or a vector carrying a desired gene, which optionally contains 
an additive, and an amino acid or a solution of an amino acid to a solution of collagen or gelatin, and a step of dissolving 
15 it in the solution or a step of mixing the solutions, followed by a step of spray-drying the resultant solution, or a step of 
lyophilizing the resultant solution and a step of pulverizing the lyophilized product. 

[0050] As an example of a process for the preparation of the gene formulation in a rod form, the following processes 
are exemplified; 

20 1 ) a process for preparing a gene formulation, which comprises a step of spray-drying a solution of a desired gene 

or a vector carrying a desired gene, a saccharide, and/or a non-hydrophobic amino acid, and/or an organic acid 
having two or more carboxyl groups, and optionally an additive, and a step of compressing and molding the result- 
ant microparticles into a rod form; 

2) a process for preparing a gene formulation, which comprises a step of lyophilizing a solution of a desired gene 
25 or a vector carrying a desired gene, a saccharide, and/or a non-hydrophobic amino acid, and/or an organic acid 

having two or more carboxyl groups, and optionally an additive, a step of pulverizing the resultant sponge, and a 
step of compressing and a step of molding the microparticles into a rod form; 

3) a process for preparing a gene formulation, which comprises a step of lyophilizing a solution of a desired gene 
or a vector carrying a desired gene, a saccharide and/or a non-hydrophobic amino acid, and/or an organic acid 

30 having two or more carboxyl groups, and optionally an additive, and a step of compressing and molding the result- 

ant sponge into a rod form; 

4) a process for preparing a gene formulation, which comprises a step of lyophilizing a solution of a desired gene 
or a vector carrying a desired gene, a saccharide, and/or a non-hydrophobic amino acid, and/or an organic acid 
having two or more carboxyl groups, and optionally an additive, a step of adding water or the like to the resultant 

35 sponge, and a step of kneading the mixture, followed by a step of extruding the kneaded mixture through a nozzle 

to form a bar, and a step of drying the same; and 

5) a process for preparing a gene formulation, which comprises a step of spray-drying a solution of a desired gene 
or a vector carrying a desired gene, a saccharide, and/or a non-hydrophobic amino acid, and/or an organic acid 
having two or more carboxyl groups, and optionally an additive, a step of combining the microparticles with a sili- 

40 cone in a liquid form or a gum form which is soft suitably for blending, and adding a curing agent to the combination, 

followed by a step of extruding the combination through a nozzle to form a bar. 

[0051] Alternatively, in case of the formulation containing a collagen or a gelatin, the preparations also include a 
similar preparation to those as described above except the usage of a collagen or a gelatins. 

45 [0052] The gene formulations of the present invention may be administered via various procedures depending on 
a disease to be treated, a target organ, and the like, For example, the formulation can be administered subcutaneously, 
or intramuscularly, and can be administered directly to a target site such as kinder, liver, lung, brain, etc. where a dis- 
ease exists. Organ-specific treatment may be accomplished by the direct administration to the disease site. 
[0053] Effects provided by the gene formulation of the present invention containing a plasmid DNA (pDNA), which 

so is an example of the formulation containing a vector carrying a desired gene are provided below; 

1) When lyophilization, the typical procedure to prepare formulations, was performed on a solution containing 
merely pDNA, or a solution containing pDNA as well as an additive (a pharmaceutical^ acceptable additive, a bio- 
compatible materials, a substance accelerating gene-introduction, and the like) other than a saccharide, a non- 
55 hydrophobic amino acid, and an organic acid having two or more carboxyl groups, degradation of pDNA was 
observed after the lyophilization in each case. On the other hand, when lyophilizing a solution comprising a sac- 
charide and/or a non-hydrophobic amino acid and/or an organic acid having two or more carboxyl groups, degra- 
dation of pDNA therein was inhibited compared to the solution not comprising them; 
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2) When a solution containing merely pDNA, or a solution containing pDNA as well as an additive (a pharmaceuti- 
cally acceptable additive, a biocompatible material, a substance accelerating gene-introduction, and the like) other 
than a saccharide, a non-hydrophobic amino acid, and an organic acid having two or more carboxyl groups was 
lyophilized, and the lyophilized product was preserved at40°C, degradation of pDNAwas observed after the lyophi- 

5 lization in each case. On the other hand, when preserving a lyophilizing product derived from a solution comprising 

a saccharide and/or a non-hydrophobic amino acid and/or an organic acid having two or more carboxyl groups, 
degradation of pDNA therein was inhibited compared to the solution not comprising them; 

3) When lyophilization, the typical procedure to prepare formulations, was performed on a solution containing 
pDNA as well as a collagen or a gelatin, degradation of pDNA was observed after the lyophilization in each case. 

10 On the other hand, when lyophilizing a solution comprising an amino acid, degradation of pDNA therein was inhib- 

ited compared to the solution not comprising the same; and 

4) When a solution containing pDNA as well as a collagen or a gelatin was lyophilized, and the lyophilized product 
was preserved at 40°C, degradation of pDNA was observed after the lyophilization in each case. On the other 
hand, when preserving a lyophilizing product derived from a solution comprising an amino acid, degradation of 

15 pDNA therein was inhibited compared to the solution not comprising them. Effects of the composition including a 

saccharide and/or a non-hydrophobic amino acid and/or an organic acid having two or more carboxyl groups to sta- 
bilize the formulation can be observed not only in the drying step and at the time of preservation of the dried prod- 
ucts, but also when the formulations are in solution forms. The effects are notable when the formulation comprises 
a cationic lipid, which are useful to improve introduction a ratio of a gene. This means; 

20 5) When a solution containing merely pDNA, or a solution containing pDNA as well as a cationic lipid, and an addi- 

tive (pharmaceutically an acceptable additive, a biocompatible material, a substance accelerating gene-introduc- 
tion, and the like) other than a saccharide, a non-hydrophobic amino acid, and an organic acid having two or more 
carboxyl groups was preserved as it was, degradation of pDNA was observed in each case. On the other hand, 
when preserving a solution comprising a saccharide and/or a non-hydrophobic amino acid and/or an organic acid 

25 having two or more carboxyl groups, degradation of pDNA therein was inhibited compared to the solution not com- 

prising them. 

[0054] The effects of the present formulation to inhibit degradation of a gene or stabilizing the gene is specifically 
described in the test examples and Table 9 hereinafter. 

30 [0055] The gene formulation in the form of rod, which comprises a pDNA encoding HST-1/FGF4, a collagen, and 
glucose as obtained according to the invention is intramuscularly injected to mouse, the pDNA was detected in blood 
for a period of 38 days after the injection, and the expression of HST-1 gene was observed in blood and at the injection 
site for a period of 60 days or more after the injection. On the other hand, when injecting the pDNA in solution form, the 
expression of HST-1 gene was observed for merely 30 days. The result shows not only that pDNA was released in a 

35 sustained-manner from the gene formulation in a rod form, comprising the collagen and glucose, and but also that the 
pDNA was retained in the gene formulation during a long period. 

EAMPLES 

40 [0056] For further descriptions of the present invention, the following examples and test examples are presented, 
but these examples and test examples should not be construed to limit the scope of the invention. 
[0057] The following examples describe the preparation of the formulation containing plasmid vector pCAHST-1 
incorporated with the gene of fibroblast growth factor HST-1 (FGF4) (Proc. Natl. Acad. Sci. USA, 84, 2980-2984(1987)). 
HST-1 gene product exhibits an action to megakaryocyte as blood platelet proliferating factor, and has been shown to 

45 effectively inhibit thrombocytopenia, the severe side effect of chemotherapy and radiotherapy for cancers (J. Clin. 
Invest., 96: 1125-2230, 1995, Oncogene, 13:9-19, 1 996). pCAHST-1 is a plasmid vector wherein HST-1 gene is incor- 
porated between the CAG promoter portion and the poly A sequence of the expression vector pCAGGS (Gene, 108, 
193-200 (199 1)). CAG promoter is described as a high expression vector in the Japanese Patent Publication (kokai) 
No. 168087/1991. 

50 

Example 1 

Gene formulations containing amino acids (dried state ) 

55 [0058] A solution of 10 jug/ml pCAHST-1 and 10 mg/ml glycine, alanine, monosodium glutamate, or lysine hydro- 
chloride in 150 mM NaCI, 10 mM Tris-HCI (pH7.4) was prepared respectively. One ml portion of each solution was fro- 
zen at -40 °C, and the frozen products were dried in vacuo overnight at room temperature. Like this, gene formulations 
in a dried state were obtained by lyophilization. 
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Example 2 

Gene formulations containing saccharides (dried state) 

5 [0059] A solution of 10 jug/ml pCAHST-1 and 10 mg/ml glucose, sucrose, maltose, lactose, or mannitol in 150 mM 
NaCI, 1 0 mM Tris-HCI (pH7.4) was prepared respectively. One ml portion of each solution was frozen at -40 °C, and the 
frozen products were dried in vacuo overnight at room temperature. Like this, gene formulations in a dried state were 
obtained by lyophilization. 

w Example 3 

Gene formulations containing organic acids having two or more carboxyl groups, and amino acids (dried state) 

[0060] A solution of 1 0 jug/ml pCAHST-1 and 1 0 mg/ml monosodium glutamate, sodium aspartate, sodium tartrate 
15 dihydrate, ortri-sodium citrate dihydrate in 150 mM NaCI, 10 mM Tris-HCI (pH7.4) was prepared respectively. One ml 
portion of each solution was frozen at - 40 °C, and the frozen products were dried in vacuo overnight at room temper- 
ature. Like this, gene formulations in a dried state were obtained by lyophilization. 

Example 4 

20 

Gene formulation containing saccharide and cationic lipid (dried state ) 

[0061] A solution of 3 |ng/ml pCAHST-1 , 24 |ug/ml of DMRIE-C (Gibco BRL, substance for accelerating gene-intro- 
duction) and 10 mg/ml sucrose in 150 mM NaCI, 10 mM Tris-HCI (pH7.4) was prepared. One ml portion of the solution 
25 was frozen at -40 °C, and the frozen product was dried in vacuo overnight at room temperature. Like this, a gene for- 
mulation in a dried state was obtained by lyophilization. 

Example 5 

30 Gene formulations containing saccharides and substances for accelerating gene-introduction (solution form) 

[0062] pCAHST-1, DMRIE-C (Gibco BRL), and glucose were combined with a solution of 150 mM NaCI, 10 mM 
Tris-HCI (pH7.4) until final concentrations reached 3 uxj/ml, 24 u.g/ml, and 10 mg/ml, respectively. Like this, a gene for- 
mulation in a solution form was obtained. 

35 

Example 6 

Sustained-release gene formulations (gel form) 

40 [0063] To a solution (500 mg) of 0.1 w/w% atelocollagen, a solution of 100 u.g/ml of pCAHST-1 (200 u.l), and a solu- 
tion of 10 mg/ml glucose (500 uJ), sucrose, or monosodium glutamate were added and mixed. Then, the temperature 
of the each mixture was maintained at 37 °C to provide gene formulations in gel forms. Atelocollagen used in this exam- 
ple and the following examples and reference examples is available from KOKEN CO., LTD. 

45 Example 7 

Sustained-release gene formulation (sponge form ) 

[0064] The gene formulation in a gel form containing glucose as prepared in Example 6 was lyophilized. This pro- 
50 vided a gene formulation in a sponge form, which contains 500 uxj of atelocollagen, 20 jliI of pCAHST-1 , 5 mg of glucose, 
sucrose, or sodium glutamate. 

Example 8 

55 Sustained-release gene formulation (rod form ) 

[0065] To a solution (29.1 g) of 0.1w/w% atelocollagen, water (60 g), and a solution of 11 mg/ml glucose (10 ml) 
were added and mixed. Then, a solution of 1 00 jtig/ml of pCAHST-1 (80 ml) was added to the mixture, and mixed. After 
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10 



15 



20 



the solution thus obtained was lyophilized, an appropriate amount of a distilled water was added to the lyophilized prod- 
uct, and the mixture was kneaded. Then, the kneaded material was filled in a syringe, extruded, and dried to provide a 
formulation containing pCAHST-1 at 74% yield. This provided a gene formulation in a rod form, in which one mg of the 
formulation contains 1 7 jug of pCAHST-1 , and 300 jug of glucose. 

Reference 1 

[0066] According to the procedure described in Example 1 except that the amino acid was not added, a composi- 
tion in a dried state was prepared. 

Reference 2 

[0067] According to the procedure described in Example 4 except that sucrose was not added, a composition in a 
dried state was prepared. 

Reference 3 

[0068] According to the procedure described in Example 5 except that glucose was not added, a composition in a 
liquid form was prepared. 

Reference 4 



[0069] According to the procedures described in Examples 6 and 7 except that neither the solution of the saccha- 
ride nor the solution of monosodium glutamate was added, a composition in a sponge form was prepared, which con- 
25 tain 500 jug of atelocollagen, and 20 jug of pCAHST-1 . 

Reference 5 

[0070] According to the procedure described in Example 8 except that the solution of glucose was not added, a 
30 dried composition in a bar form was prepared, in which one mg of the composition contain 20 jug of pCAHST-1 . 

Reference 6 

[0071] According to the procedure described in Example 8 except that the solution of pCAHST-1 was not added, a 
35 dried composition in a bar form was prepared, in which one mg of the composition contain 300 jug of glucose. 

Test example 1 

Effect of amino acids to inhibit the degradation of gene at the time of lyophilization 

40 

[0072] The gene formulations as prepared in Example 1, and the compositions as prepared in Reference 1 were 
dissolved respectively in water immediately after lyophilization, and the solutions were subjected to agarose gel elec- 
trophoresis to estimate the primary-structure of pCAHST-1s therein. 

[0073] The agarose gel electrophoresis was performed using a horizontal electrophoresis unit (Mupid, ADVANCED 
45 Co.) on 0.8% agarose gel in TAE buffer. After the electrophoresis, the gel was stained in ethidium bromide, and photo- 
graphed on a transilluminator. The picture was scanned in with a photo-scanner, and the intensity of all bands contain- 
ing a supercoiled pDNA (CC), which primary structure was retained, and containing a fragmented pDNA (OC) was 
computed with an analytic soft ware, to give a ratio of the CC, which represents retention ratio of the primary structure 
(CC retention ratio). In this case, CC retention ratio of untreated pDNA is estimated at 1 00. The method was also used 
so in the following test examples when agarose gel electrophoresis was performed. 

[0074] The result is shown in Table 1 and Figure 1. In Figure 1, CC is the supercoiled pCAHST-1, which primary 
structure was retained, whereas OC is the fragmented pCAHST-1 . The lanes are the followings; 

Lane 1 : molecular weight marker (?tHind III) 

55 Lane 2 : none (Reference 1) 

Lane 3 : monosodium glutamate (Example 1) 

Lane 4: glycine (Example 1) 

Lane 5: alanine (Example 1) 
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Lane 6 : phenylalanine 

Lane 7 : lysine hydrochloride (Example 1) 
Lane 8: untreated 



5 

Table 1 





CC retention ratios in pCAHST-1 solutions containing an amino 
acid which had been lyophilized (% of untreated) 




Formula 


CC retention ratio (% of 
untreated) 




none (Reference 1) 


72 




monosodium glutamate (Example 1) 


96 


15 


glycine (Example 1) 


79 




alanine (Example 1) 


83 




phenylalanine 


73 


20 


lysine hydrochloride (Example 1) 


84 


untreated 


100 



[0075] The result demonstrates that the addition of monosodium glutamate to the formulation provided the inhibi- 
ts tion of degradation of pCAHST-1 , compared to the formulation containing no amino acid. 

Test example 2 

Effect of saccharides to inhibit the degradation of gene at the time of lyophilization 

30 

[0076] The gene formulations as prepared in Example 2, and the composition as prepared in Reference 1 were 
separately dissolved in water immediately after lyophilization, and, in accordance with the procedure described in Test 
example 1, the solutions were subjected to agarose gel electrophoresis to estimate the primary-structure of pCAHST-1 
therein. The result is shown in Table 2 and Figure 2. The result demonstrates that the addition of glucose, sucrose, mal- 
35 tose, lactose, and mannitol to the formulation provided the drastic inhibition of degradation of pCAHST-1 , compared to 
the formulation containing no saccharide. 



Table 2 



CC retention ratios in pCAHST-1 solutions containing 
a saccharide which had been lyophilized (% of 

untreated) 


Formula 


CC retention ratio (% of 
untreated) 


none (Reference 1) 


78 


glucose (Example 2) 


95 


sucrose (Example 2) 


96 


maltose (Example 2) 


95 


lactose (Example 2) 


100 


mannitol (Example 2) 


95 


untreated 


100 



[0077] In Figure 2, CC is the supercoiled pCAHST-1 , which primary structure was retained, whereas OC is the frag- 
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merited pCAHST-1 . The lanes are the fallowings: 



Lane 1 : 


molecular weight marker (^Hind III) 


Lane 2: 


none (Reference 1) 


5 Lane 3: 


glucose (Example 2) 


Lane 4: 


sucrose (Example 2) 


Lane 5: 


maltose (Example 2) 


Lane 6: 


lactose (Example 2) 


Lane 7: 


mannitol (Example 2) 


10 Lane 8: 


untreated 



Test example 3 



Effect of organic acids having two or more carboxyl groups and amino acids to inhibit the degradation of gene at the 
15 time of lyophilization 

[0078] The gene formulations as prepared in Example 3, and the composition as prepared in Reference 1 were 
separately dissolved in water immediately after lyophilization, and, in accordance with the procedure described in Test 
example 1 , the solutions were subjected to agarose gel electrophoresis to estimate the primary-structure of pCAHST-1 
20 therein. The result is shown in Table 3 and Figure 3. The result demonstrates that the addition of monosodium gluta- 
mate, sodium aspartate, sodium tartrate dihydrate, ortrisodium citrate dihydrate to the formulation provided the drastic 
inhibition of degradation of pCAHST-1 , compared to the formulation containing no organic acid. 



Table 3 



CC retention ratios in pCAHST- 1 solutions containing an organic acid 
having two or more carboxyl groups and an amino acid which had been 

lyophilized (% of untreated) 


Formula 


CC retention ratio (% of 
untreated) 


none (Reference 1) 


76 


monosodium glutamate (Example 3) 


103 


sodium aspartate (Example 3) 


91 


sodium tartrate dihydrate (Example 3) 


95 


trisodium citrate dihydrate (Example 3) 


102 


untreated 


100 



[0079] In Figure 3, CC is the supercoiled pCAHST-1 , which primary structure was retained, whereas OC is the frag- 
mented pCAHST-1 . The lanes are the followings: 



45 Lanel: molecular weight marker (AJHind III) 

Lane 2: none (Reference 1) 

Lane 3: monosodium glutamate (Example 3) 

Lane 4: sodium aspartate (Example 3) 

Lane 5: sodium tartrate dihydrate (Example 3) 

so Lane 6: trisodium citrate dihydrate (Example 3) 

Lane 7: untreated 



Test example 4 



55 Effect of sucrose to inhibit the degradation of gene at the time of lyophilization of gene solution containing a cationic lipid 

[0080] The gene formulations as prepared in Example 4, and the composition as prepared in Reference 2 were 
separately dissolved in water immediately after lyophilization, and, in accordance with the procedure described in Test 
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example 1, the solutions were subjected to agarose gel electrophoresis to estimate the primary-structure of pCAHST-1 
therein. The result is shown in Table 4 and Figure 4. The result demonstrates that the addition of sucrose to the formu- 
lation provided the inhibition of degradation of pCAHST-1 , compared to the formulation containing no sucrose. 



Table 4 



CC retention ratios in pCAHST-1 solutions con- 
taining a cationic lipid which had been lyophilized 

(% of untreated) 


Formula 


CC retention ratio (% of 
untreated) 


none (Reference 2) 


69 


sucrose (Example 2) 


100 


untreated 


100 



[0081] In Figure 4, CC is the supercoiled pCAHST-1 , which primary structure was retained, whereas OC is the frag- 
mented pCAHST-1. The lanes are the followings: 

Lane 1 : molecular weight marker (AJHind III) 

Lane 2: none (Reference 2) 

Lane 3: sucrose (Example 4) 

Lane 4: untreated 

Test example 5 

Effect of glucose to inhibit the degradation of gene at the time of preservation at 4Q°C (1) 

[0082] The gene formulation containing glucose of the formulations as prepared in Example 2, and the composition 
as prepared in Reference 1 were preserved for one, two, and four weeks at 40 °C. In accordance with the procedure 
described in Test example 1 , the primary-structure of pCAHST-1 therein was estimated by agarose gel electrophoresis 
after the preservations. The result is shown in Table 5 and Figure 5. The result demonstrates that the addition of glucose 
to the formulation drastically improved the preservative stability of pCAHST-1 under the specified conditions, compared 
to the formulation containing no glucose. 



Table 5 


CC retention ratios in dried products of pCAHST-1 containing glucose 
after preservation at 40 °C (% of untreated) 


Formula 


CC retention ratio (% of 
untreated) 


none (Reference 1/for one week at 40 °C) 


67 


none (Reference 1/for two weeks at 40 °C) 


56 


none (Reference 1/for four weeks at 40 °C) 


34 


glucose (Example 2/ for one week at 40 °C) 


92 


glucose (Example 2/ for two weeks at 40 °C) 


91 


glucose (Example 2/ for four weeks at 40 °C) 


71 


untreated 


100 



[0083] In Figure 5, CC is the supercoiled pCAHST-1 , which primary structure was retained, whereas OC is the frag- 
mented pCAHST-1. The lanes are the followings: 
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Lane 1 : molecular weight marker (^Hind III) 

Lane 2: none (Reference 1/ for one week at 40 °C) 

Lane 3: none (Reference 1/ for two weeks at 40 °C) 

Lane 4: none (Reference 1/ for four weeks at 40 °C) 

Lane 5: glucose (Example 21 for one week at 40 °C) 

Lane 6: glucose (Example 21 for two weeks at 40 °C) 

Lane 7: glucose (Example 21 for four weeks at 40 °C) 

Lane 8: untreated 



10 Test example 6 



Effect of sucrose to inhibit the degradation of gene at the time of preservation at 37 °C 



[0084] The gene formulation as prepared in Example 4, and the composition as prepared in Reference 2 were pre- 
15 served for four weeks at 37 °C. The primary-structure of pCAHST-1 was estimated by agarose gel electrophoresis after 
the preservation as described in Test example 1. The result is shown in Table 6 and Figure 6. The result demonstrates 
that the addition of sucrose to the formulation drastically improved the preservative stability of pCAHST-1 under the 
specified condition, compared to the formulation containing no sucrose. 



20 

Table 6 





CC retention ratios in dried products of the solutions of pCAHST-1 contain- 
ing cation ic lipid after preservation for four weeks at 37 °C (% of untreated) 


25 


Formula 


CC retention ratio (% of 
untreated) 




none (Reference 2/for four weeks at 37 °C) 


8.5 




sucrose (Example 4/for four weeks at 37 °C) 


67 


30 


untreated 


100 



35 



40 



[0085] In Figure 6, CC is the supercoiled pCAHST-1 , which primary structure was retained, whereas OC is the frag- 
mented pCAHST-1 . The lanes are the followings: 

Lane 1 : molecular weight marker (h-Hind III) 

Lane 2: none (Reference 2/for four weeks at 37 °C) 

Lane 3: sucrose (Example 4/ for four weeks at 37 °C) 

Lane 4: untreated 

Test example 7 

Effect of glucose to inhibit the degradation of gene at the time of preservation at 40 °C (2) 

45 [0086] The gene formulation in liquid form as prepared in Example 5, and the composition as prepared in Refer- 
ence 3 were preserved for four weeks at 40 °C. The primary-structure of pCAHST-1 was estimated by agarose gel elec- 
trophoresis after the preservation as described in Test example 1. The result is shown in Figure 7. The result 
demonstrates that the addition of glucose to the formulation drastically improved the preservative stability of pCAHST- 
1 under the specified condition, compared to the formulation containing no glucose, which result is similar to that of the 

so dried formulation of Test example 5. 

[0087] In Figure 7, CC is the supercoiled pCAHST-1 , which primary structure was retained, whereas OC is the frag- 
mented pCAHST-1 . The lanes are the followings: 

Lane 1 : untreated 

55 Lane 2: glucose (Example 5/ for four weeks at 40 °C) 

Lane 3: none (Reference 3/ for four weeks at 40 °C) 

Lane 4: molecular weight marker (AJHind III) 
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Test example 8 

Effect of saccharides, etc. to inhibit the degradation of gene in the presence of collagen (1) 

[0088] The gene formulations in a sponge form as prepared in Example 7, and the composition in a sponge form 
as prepared in Reference 4 were separately dissolved in a solution of 150 mM NaCI, 10 mM Tris-HCI (pH7.4) under 
heating, and the solutions were treated with a collagenase. After the treatment, the solutions were subjected to agarose 
gel electrophoresis to estimate the primary -structure of pCAHST-1 therein, in accordance with the procedure described 
in Test example 1 . As a result, the addition of glucose, sucrose, and monosodium glutamate to the formulation provided 
the drastic inhibition of degradation of pCAHST-1, compared to the formulation containing no saccharide (Figure 8, 
Table 7). 



Table 7 



CC retention ratios in pCAHST-1 solutions containing a collagen, a 
saccharide, and an amino acid, which had been lyophilized (% of 

untreated) 


Formula 


CC retention ratio (% of 
untreated) 


none (Reference 4) 


85 


glucose (Example 7) 


94 


sucrose (Example 7) 


95 


monosodium glutamate (Example 7) 


95 


untreated 


100 



[0089] In Figure 8, CC is the supercoiled pCAHST-1 , which primary structure was retained, whereas OC is the frag- 
mented pCAHST-1. The lanes are the followings: 

Lane 1 : molecular weight marker (XHind III) 

Lane 2: glucose (Example 7) 

Lane 3: sucrose (Example 7) 

Lane 4: monosodium glutamate (Example 7) 

Lane 5: none (Reference 4) 

Lane 6: untreated 

Test example 9 

Effect of saccharide, etc. to inhibit the degradation of gene in the presence of collagen (2) 

[0090] The gene formulations in a rod form as prepared in Example 8, and the composition in a rod form as pre- 
pared in Reference 5 were separately dissolved in a solution of 137 mM NaCI, 2.7 mM KCI, 25 mM Tris-HCI (pH7.4) 
under heating, and the solutions were treated with a collagenase. After the treatment, the solutions were subjected to 
agarose gel electrophoresis to estimate the primary-structure of pCAHST-1 therein, in accordance with the procedure 
described in Test example 1 . As a result, the addition of glucose to the formulation provided the drastic inhibition of deg- 
radation of pCAHST-1 , compared to the formulation containing no glucose (Figure 9, Table 8). 
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Table 8 



5 


CC retention ratios of pCAHST-1s contained in 
the compositions in a rod form (% of untreated) 




Formula 


CC retention ratio (% of 
untreated) 




none (Reference 5) 


66 


10 


glucose (Example 8) 


92 




untreated 


100 



15 [0091] In Figure 9, CC is the supercoiled pCAHST-1 , which primary structure was retained, whereas OC is the frag- 
mented pCAHST-1 . The lanes are the followings: 

Lane 1 : molecular weight marker (AJHind III) 

Lane 2: none (1) (Reference 5) 

20 Lane 3: none (Reference 5) 

Lane 4: glucose (1) (Example 8) 

Lane 5: glucose (2) (Example 8) 

Lane 6: untreated 

25 Test Example 1 0 

Gene introduction of stable gene formulation 

[0092] The gene formulation in a rod form (atelocollagen /glucose-pCAHST-1) as prepared in Example 8, and the 
30 composition in a rod form (atelocollagen-pCAHST-1) as prepared in Reference 5 were cut into the portions containing 
50 jig of pCAHST- 1 . These were administered to the right femoral muscle of ICR mice (female, aged 6-7 weeks) (group 
1, the gene formulation of Example 8; group 2, the composition of Reference 5) respectively. Further, 100 jul of a phos- 
phate buffer containing 50 jLxg of pCAHST-1 was administered to the right femoral muscle of ICR mice (group 3). 
[0093] In order to examine the in vivo sustained-release effect, three parameters, namely, detection of pCAHST-1 
35 in blood, amount of HST-1 in blood and at the administration site, and counts of platelet in blood were utilized. pCAHST- 
1 in blood was detected by PCR, amount of HST-1 in blood and at the administration site (in muscle) were determined 
by ELISA, and platelets in blood were counted by micrography, each of them conducting with the time course. 
[0094] PCR was conducted by Ampridirect method (Shimazu Corp.) utilizing a probe capable to detect the 262 bp 
sequence in pCAHST-1 (about 8 kbp). Limit of measurement was 1 pg/5 jul in Southern blotting, and 2 pg/5 \x\ in ethid- 
40 ium bromide staining. ELISA was conducted using FGF4 kit (R&D systems, U.S.A., limit of measurement: 20 pg/ml). 
Platelets in blood were counted by micrography after the blood taken was treated to decompose the blood cell compo- 
nents other than platelet. 

[0095] The result of determination of pCAHST-1 in blood by PCR is shown in Figure 10. In group 1, pCAHST-1 
appeared in blood six hours after administration, and the detection lasted for 38 days after that. In group 2, pCAHST-1 
45 appeared in blood six hours after administration, and the detection lasted for 18 days after that. In group 3, pCAHST-1 
was detected merely for seven days after administration. 

[0096] The results of HST-1 amount in blood and at the administration site are shown in Figures 1 1 and 12. In Fig- 
ure 1 1, the symbols represent the followings: open circle, atelocollagen/glucose-pCAHST-1 (group 1, Example 8); solid 
circle, atelocollagen-pCAHST-1 (group 2, Reference 5); solid square, phosphate buffer containing pCAHST-1 (group 3, 
so control); open square, atelocollagen/glucose (Reference 6). 

[0097] In Figure 12, the symbols represent the followings: open circle, atelocollagen/glucose-pCAHST-1 (group 1, 
Example 8); solid circle, atelocollagen-pCAHST-1 (group 2, Reference 5); solid square, phosphate buffer containing 
pCAHST-1 (group 3, control); open square, atelocollagen/glucose (Reference 6). 

[0098] Group 1 shows that the amount of HST-1 both in blood and at the administration site increased after admin- 
55 istration, reached a maximum on the 30th day after administration, and then gradually decreased, the detection lasting 
even after 60 days. Similarly to group 1 , group 2 shows that the amount of HST-1 in blood and at the administration site 
increased after administration, reached a maximum on the 30th day after administration, and then gradually decreased 
to reach the limit of measurement after 40 days. The total amount of HST-1 produced was smaller than that of group 1 . 
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Group 3 shows that the amount of HST-1 in blood and at the administration site increased after administration, reached 
a maximum on the 10th day after administration, then gradually decreased, and no HST-1 was detected after 30 days. 
[0099] As a result of determinations of platelet counts in blood with the time course (Figure 13), group 1 shows that 
the platelet counts increased after administration, reached a maximum on the 30th day after administration, and then 

5 gradually decreased, tendency to the increase of platelet counts keeping even after 60 days. Group 2 shows that the 
platelet counts gradually increased after administration, reached a maximum on the 14th day after administration, then 
decreased, and tendency to the increase of platelet counts kept even after 28 days, which level is lower. Group 3 shows 
that the platelet counts increased after administration, reached a maximum on the 10th day after administration, then 
gradually decreased, and returned to the normal level on the 25th day. 

w [0100] In Figure 13, the symbols represent the followings: open circle, atelocollagen/glucose-pCAHST-1 (group 1, 
Example 8); solid circle, atelocollagen-pCAHST-1 (group 2, Reference 5); solid square, phosphate buffer containing 
pCAHST-1 (group 3, control); open square, atelocollagen/glucose (Reference 6). 

[0101] As a control, the composition containing no pCAHST-1 as prepared in Reference 6 was administered into 
the right femoral muscle of mice as described above, and then, amount of HST-1 in blood and at the administration site 

15 were determined by ELISA, and blood platelets were counted with the time course. As a result, HST-1 was detected 
neither in blood nor at the site during a period of determination. Further, no blood platelet count increased during a 
period of determination. This demonstrates that the production of HST-1 and the increase in blood, platelet count as 
obtained in group 1 using the gene formulation of Example 8 and group 2 were caused by introduction of pCAHST-1 
contained in the formulation into cells, and subsequent expression of the gene information of HST-1 within the cells. 

20 [0102] From the results of groups 1 and 3, it is revealed that expression of HST-1 in the body, and biological activity 
of the produced HST-1 are temporary in case of the administration of pCAHST-1 alone, and, on the contrary, the gene 
formulation of Example 8 enables the sustained-releasing and the stable maintenance of pCAHST-1 in the body for a 
long period of time, thus making it possible to extend an expression period of HST-1 , and to retain a biological activity 
of the produced HST-1 for a long period of time. 

25 [0103] From the results obtained in groups 1 and 2, it is revealed that both gene formulations of Example 8 and Ref- 
erence 5 enable the sustained-releasing of pCAHST-1 and the extension of an expression period of HST-1 , compared 
to the administration of pCAHST-1 alone, and that the gene formulation containing glucose of Example 8 enables the 
stable maintenance of pCAHST-1 in the body, and the extension of an expression period of HST-1 at a high production 
level, thus making it possible to retain a biological activity of HST-1 at a high level for a long period of time, compared 

30 to the gene formulation of Reference 5. 

[0104] Preparations as prepared in Examples 9-12 hereinafter were subjected to Test examples 11-16 so as to 
examine the contribution of amino acids or saccharides to the stability of gene in the presence of the absence of colla- 
gen. 

35 Example 9 

Gene formulations containing an amino acid (dried state ) 

[0105] A solution of 10 u.g/ml pCAHST-1 and 10 img/ml arginine, lysine hydrochloride, asparagine, sodium aspar- 
40 tate, glutamine, sodium glutamate, histidine, proline, serine, threonine, glycine, alanine, methionine, valine, or isoleu- 
cine, or 5 mg/ml leucine in 150 mM NaCI, 1 0 mM Tris-HCI (pH7.4) was prepared respectively. One ml portions of each 
solution was frozen at -40 °C, and the frozen products were dried in vacuo overnight at room temperature. Like this, 
gene formulations in a dried state were obtained by lyophilization. 

45 Example 10 

Gene formulations containing a saccharide (dried state ) 

[0106] A solution of 10 jug/ml pCAHST-1 and 10 mg/ml trehalose, maltitol, lactose, maltose, glucose, sorbitol, 
so sodium chondroitin sulfate, orxylitol in 150 mM NaCI, 10 mM Tris-HCI (pH7.4) was prepared respectively. Each one ml 
portion of the solution was frozen at -40 °C, and the frozen products were dried in vacuo overnight at room temperature. 
Like this, gene formulations in a dried state were obtained by lyophilization. 

Example 1 1 

55 

Sustained-release gene formulations containing an amino acid (sponge form) 

[0107] A solution of 20 |ug/ml of pCAHST-1 (1 ml) and a solution of 40 mg/ml of arginine (125 lysine hydrochlo- 
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10 



40 



45 



ride, asparagine, sodium aspartate, glutamine, sodium glutamate, histidine, proline, serine, threonine, glycine, alanine, 
methionine, valine, or isoleucine, or 20 mg/ml leucine was respectively combined with a solution of 0.1 w/w% atelocol- 
lagen (500mg), so as to prepare the solutions. One ml portion of each solution was frozen at -40 °C, and the frozen 
products were dried in vacuo overnight at room temperature. Like this, gene formulations in a sponge form were 
obtained by lyophilization. 

Example 12 

Sustained-release gene formulations containing a saccharide (sponge form) 



[0108] A solution of 20 jug/ml of pCAHST-1 (1 ml) and a solution of 40 mg/ml (125 jlxI) of trehalose, maltitol, lactose, 
maltose, glucose, sorbitol, sodium chondroitin sulfate, or xylitol was combined respectively with a solution of 0.1 w/w% 
of atelocollagen (500mg), so as to prepare the solutions. One ml portion of each solution was frozen at -40 °C, and the 
frozen products were dried in vacuo overnight at room temperature. Like this, gene formulations in a sponge form were 
15 obtained by lyophilization. 

Test example 1 1 

Effect of amino acids to inhibit the degradation of gene at the time of lyophilization 

20 

[0109] The gene formulations as prepared in Example 9, and the composition as prepared in Reference 1 were dis- 
solved respectively in water immediately after lyophilization, and, in accordance with the procedure described in Test 
example 1 , the solutions were subjected to agarose gel electrophoresis to estimate the primary-structure of pCAHST-1 
therein. After the electrophoresis, the gel was stained in ethidium bromide, photographed on a transilluminator, and the 

25 picture was scanned in with a photo-scanner. The intensity of the bands containing a supercoiled pDNA (CC), which 
primary structure was retained, containing a relaxed pDNA (OC) which one site was degraded, and containing a line- 
arized DNA (LS) wherein the pDNA was fragmented to form open-circular one, was computed with an analytic soft 
ware, and a stabilizing efficiency due to amino acids was calculated according to the following equations. The result is 
shown in Figure 14. The order of the amino acids in Figure 14 reflects the hydrophobicity-hydrophilicity order (Kyte, J. 

30 & Doolittele, R.F., 1982, J. Mol. Biol. 157, 105-132). The result demonstrates that the addition of arginine, asparagine, 
sodium aspartate, glutamine, sodium glutamate, histidine, proline, serine, or threonine to the formulation provided the 
inhibition of degradation of pCAHST-1 , compared to the formulation containing no amino acid. 

. .. , D , . /0/x band intensity of CC of Reference 1 ... 

__ CC retention ratio of Reference 1 (%) = — -j^— y 0 x 100 

35 v 7 total band intensity of Reference 1 (CC+LS+OC) 

~~ ... .. ( j- i n/o/\ band intensity of CC of Example 9 Hrtr . 

CC retention ratio of Example 9 (%) = — — — — -— y - ; — - ,J1 , - — x 100 

^ tota band intensity of Examp e 9 (CC+LS+OC) 



0 . .... . „. . /Q/X CC retention ratio of Example 9 - CC retention ratio of Reference 1 

Stabilizing efficiency (%) = 100-CC retention ratio of Reference 1 X 100 



Test example 12 

Effect of saccharides to inhibit the degradation of gene at the time of lyophilization 



[0110] The gene formulations as prepared in Example 10, and the composition as prepared in Reference 1 were 
dissolved respectively in water immediately after lyophilization, and, in accordance with the procedure described in Test 
so example 1 1 , the solutions were subjected to agarose gel electrophoresis to estimate the primary-structure of pCAHST- 
1 therein. Similarly to the procedure in Test example 1 1 , a stabilizing efficiency was calculated, and the result is shown 
in Figure 15. The result demonstrates that the addition of the saccharides to the formulation provided the inhibition of 
degradation of pCAHST-1 , compared to the formulation containing no saccharide. 

55 
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Test example 13 

Effect of amino acids to inhibit the degradation of gene in the presence of collagen 

5 [01 1 1 ] The gene formulations in a sponge form as prepared in Example 1 1 , and the composition in a sponge form 
as prepared in Reference 4 were dissolved respectively in a solution of 150 mM NaCI, 10 mM Tris-HCI (pH7.4) under 
heating, and the solutions were treated with a collagenase. After the treatment, they solutions were subjected to agar- 
ose gel electrophoresis to estimate the primary-structure of pCAHST-1 therein, in accordance with the procedure 
described in Test example 1 1 . Similarly to the procedure in Test example 1 1 , a stabilizing efficiency was calculated, and 

w the result is shown in Figure 16. The order of the amino acids in Figure 16 reflects the hydrophobicity-hydrophilicity 
order (Kyte, J. & Doolittele, R.F., 1982, J. Mol. Biol. 157, 105-132). The result demonstrates that the addition of the 
amino acids to the formulation provided the drastic inhibition of degradation of pCAHST-1 , compared to the formulation 
containing no amino acid. 

15 Test example 14 

Effect of saccharides to inhibit the degradation of gene in the presence of collagen 

[0112] The gene formulations in a sponge form as prepared in Example 12, and the composition in a sponge form 
20 as prepared in Reference 4 were dissolved respectively in a solution of 150 mM NaCI, 10 mM Tris-HCI (pH7.4) under 
heating, and the solutions were treated with a collagenase. After the treatment, the solutions were subjected to agarose 
gel electrophoresis to estimate the primary-structure of pCAHST-1 therein, in accordance with the procedure described 
in Test example 1 1 . Similarly to the procedure in Test example 1 1 , a stabilizing efficiency was calculated, and the result 
is shown in Figure 17. Addition of saccharides to the formulation enabled the drastic inhibition of degradation of 
25 pCAHST-1 , compared to the formulation containing no saccharide. 

Test example 15 

Effect of amino acids and saccharides to inhibit the degradation of gene at the time of preservation at 40 °C 

30 

[0113] The gene formulations in a dried state containing sodium aspartate, monosodium glutamate, proline, or 
glutamine of the formulations as prepared in Example 9; the gene formulations in a dried state containing glucose, 
sucrose, maltose, lactose, or mannitol; and the compositions as prepared in Reference 1 were preserved for one, two, 
and four weeks at 40 °C. In accordance with the procedure described in Test example 1, the primary-structure of 
35 pCAHST-1 therein was estimated by agarose gel electrophoresis after the preservations. The result is shown in Figure 
1 8. The result demonstrates that the addition of the non-hydrophobic amino acids or the saccharides to the formulation 
drastically improved the preservative stability of pCAHST-1 under the specified conditions, compared to the formulation 
containing none of them. 

40 Test example 1 6 

Effect of amino acids and saccharides to inhibit the degradation of gene at the preservation of gene formulations con- 
taining collagen at 40 Q C 

45 [01 1 4] The gene formulations in a dried state containing lysine, glutamine, arginine, or histidine of the formulations 
as prepared in Example 11; the gene formulations in a dried state containing glucose, sucrose, maltose, lactose, or 
mannitol; and the compositions as prepared in Reference 4 were preserved for one, two, and four weeks at 40 °C. In 
accordance with the procedure described in Test example 1 3, the primary-structure of pCAHST-1 therein was estimated 
by agarose gel electrophoresis after the preservations. The result is shown in Figure 19. The result demonstrates that 

so the addition of the amino acid or the saccharide to the formulation drastically improved the preservative stability of 
pCAHST-1 under the specified conditions, compared to the formulation containing none of them. 

EFFECTS OF THE INVENTION 

55 [0115] The result of effects of the present formulations to inhibit the degradation of gene obtained in test example 
1 to 9 are summarized as shown in Table 9. 
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Table 9 

The effects of the present formulations to inhibit the degradation of gene 

( 1) Stability at the time of lyophilization 

i) without any additive a) b) 

control 72% (76%) 

amino acid: glycine 79% 

alanine 83% 

lysine 84% 

aspartic acid (9 1%) 
glutamic acid 96% (103%) 

c) 

control 78% 

saccharide: glucose 95% 

sucrose 96% 

maltose 95% 

lactose 100% 

mannitol 95% 







b) 


control 




76% 


organic acid: 


tartaric acid 


95% 




citric acid 


1P2% 


ii) with an additive 




(collagen) 




d) 


control 




85% 


stabilizing agent: 


glucose 


94% 




sucrose 


95% 




glutamic acid 


95% 


(DMRIE-C) 




e) 


control 




69% 


stabilizing agent: 


sucrose 


100% 
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Note: a) Test example 1 (Table 1), b) Test example 3 (Table 3), 
c) Test example 2 (Table 2), d) Test example 8 (Table 7), 
e) Test example 4 (Table 4) 



(2) Preservative stability of lyophilized formulations 



i) without aiy additive 

(40°Q 

control 

staM^ing agent glucose 
i^TOfti an additive pMKE-C) 
(37°Q 



c ontro l 

sfahffizmg agent:: 



sucrose 



c) 

(78%) 
(95%) 

e) 

fcrcphflized) 
(69%) 
(100%) 



rlwsdc 



67% 
92% 

g) 

aflrr4 wseks 
8.5% 
67% 



56% 
91% 



34% 
71% 



Note: f) Test example 5 (Table 5), g) Test example 6 (Table 6) 



(3) Stability at the time of gelling/kneading 

(at making bar formulations by kneading of lyophilized materials) 

d) h) 
(lyophilized) after making 

rod formulation 
control (85%) 66% 

stabilizing agent: glucose 

additive: collagen (95%) 92% 

Note: h) Test example 8 (Table 8) 

r 

(4) Preservative stability of the formulation in form of aqueous solution 

I) 

(40°q after 4 weeks 

control vector not detected 

stabilizing agent: glucose 

additive: DMRIE-C vector remains 

Note: I) Test example 7 (Fig. 7) 



INDUSTRIAL APPLICABILITY 

[0116] Gene formulation which comprises a gene or a vector incorporated with a gene wherein the gene or the vec- 
tor demonstrates an improved stability are utilized safely and readily in gene therapy which therapy would be applied 
frequently from now on. The formulation of the present invention provides a basis for the gene therapy to be prevalent. 
Especially the present formulation makes it possible to distribute or preserve the gene or the vector incorporated with 
the gene at an ambient temperature, and, therefore, provide DNA vaccines capable to be used in a location where cold 
chines have not been accomplished. 
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Claims 

1. A stable gene formulation which comprises a desired gene or a vector incorporated with a desired gene as well as 
at least one saccharide and/or at least one non-hydrophobic amino acid and/or at least one organic acid having two 

5 or more carboxyl groups except amino acids. 

2. The gene formulation of claim 1 , wherein the saccharide is a monosaccharide, a disaccharide, a oligosaccharide 
of trisaccharide and higher, or a sugar alcohol thereof 

10 3. The gene formulation of claim 2, wherein the saccharide is glucose, galactose, fructose, sucrose, maltose, lactose, 
trehalose, sorbitol, or mannitol. 

4. The gene formulation of claim 1 , wherein the non-hydrophobic amino acid is glutamic acid, aspartic acid, or a salt 
thereof. 

15 

5. The gene formulation of claim 1 , wherein the organic acid having two or more carboxyl groups is an organic acid 
having two or three carboxyl groups or a salt thereof. 

6. The gene formulation of claim 5, wherein the organic acid having two or three carboxyl groups is citric acid or tar- 
20 taric acid. 

7. The gene formulation of any one of claims 1 -6, wherein the vector incorporated with a desired gene is a plasmid 
DNA. 

25 8. The gene formulation of claim 1 , which form is a solution, a gel, or a suspension, or which formulation is prepared 
through a preparation in a solution, gel, or suspension form, wherein the amount of the saccharide, the non-hydro- 
phobic amino acid, and the organic acid having two or more carboxyl groups except amino acids to the total amount 
of the solution, the gel or the suspension is about 1 w/v% or more. 

30 9. The gene formulation of any one of claims 1 -8, wherein the formulation further comprises a substance accelerating 
an introduction of the gene into a cell. 

10. The gene formulation of claim 9, wherein the substance accelerating an introduction of the gene into a cell is a cat- 
ionic lipid, a cationic polymer, or a hydrophobic polymer. 

35 

11. The gene formulation of any one of claims 1-10, wherein the formulation further comprises a pharmaceutically 
acceptable additive. 

12. The gene formulation of claim 1 1 , wherein the pharmaceutically acceptable additive is a biocompatible material. 

40 

13. The gene formulation of claim 12, wherein the desired gene or the vector incorporated with the desired gene is 
borne on a biocompatible material. 

14. The gene formulation of claim 12 or 13, wherein the biocompatible material is a collagen, a gelatin, or a mixture 
45 thereof. 

15. The gene formulation of any one of claims 1-14, wherein the formulation is in a dried state. 

16. The gene formulation of any one of claims 1-15, which is obtainable by drying a preparation in a solution, gel, or 
so suspension form which comprises a desired gene or a vector incorporated with a desired gene. 

17. The gene formulation of claim 1 6, wherein the drying step comprises a lyophilization. 

18. A process for stabilizing a gene formulation derived from a gene preparation comprising a desired gene or a vector 
55 incorporated with a desired gene, which comprises adding at least one saccharide and/or at least one non-hydro- 
phobic amino acid and/or at least one organic acid having two or more carboxyl groups except amino acids to the 
gene preparation. 
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19. A method for gene therapy, which comprises administering the gene formulation of any one of claims 1 -1 7 to a liv- 
ing body. 

20. A stable gene formulation which comprises a desired gene or a vector incorporated with a desired gene, at least 
one amino acid, and a collagen, or a gelatin. 

21 . The gene formulation of claim 20, which form is a solution, a gel, or a suspension, or which formulation is prepared 
through a preparation in a solution, gel, or suspension form, wherein the amount of the amino acid to the total 
amount of the solution, the gel or the suspension is about 1 w/v% or more. 

22. The gene formulation of claim 20 or 21, wherein the formulation further comprises a substance accelerating the 
introduction of the gene into a cell. 

23. The gene formulation of claim 22, wherein the substance accelerating the introduction of the gene into a cell is a 
cationic lipid, a cationic polymer, or a hydrophobic polymer. 

24. The gene formulation of any one of claims 20-23, which comprises a desired gene or a vector incorporated with a 
desired gene borne on a collagen, or a gelatin. 

25. The gene formulation of any one of claims 20-24, wherein the formulation is in a dried state. 

26. The gene formulation of any one of claims 20-25, which is obtainable by drying a preparation in a solution, gel, or 
suspension form which comprises a desired gene or a vector incorporated with a desired gene. 

27. The gene formulation of claim 26, wherein the drying step comprises a lyophilization. 

28. A process for stabilizing a gene formulation derived from a gene preparation comprising a desired gene or a vector 
incorporated with a desired gene, and a collagen or a gelatin, which comprises adding at least one amino acid to 
the gene preparation. 

29. A method for gene therapy, which comprises administering the gene formulation of any one of claims 20-27 to a 
living body. 



23 



EP 1 078 639 A1 



1 




24 



EP 1 078 639 A1 



Fig. 2 
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Fig. 4 
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Fig. 5 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig. 1 3 
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Fig. 15 
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Fig. 1 8 
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Fig. 19 
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